The spatial distribution, galactic model parameters and luminosity function of cataclysmic variables (CVs) in the solar neighbourhood have been determined from a carefully established sample of 459 CVs. The sample contains all of the CVs with distances computed from the Period-Luminosity-Colours (PLCs) relation of CVs which has been recently derived and calibrated with 2MASS photometric data. It has been found that an exponential function fits best to the observational zdistributions of all of the CVs in the sample, non-magnetic CVs and dwarf novae, while the sech 2 function is more appropriate for nova-like stars and polars. The vertical scaleheight of CVs is 158±14 pc for the 2MASS J-band limiting apparent magnitude of 15.8. On the other hand, the vertical scaleheights are 128±20 and 160±5 pc for dwarf novae and nova-like stars, respectively. The local space density of CVs is found to be ∼ 3 × 10 −5 pc −3 which is in agreement with the lower limit of the theoretical predictions. The luminosity function of CVs shows an increasing trend toward higher space densities at low luminosities, implying that the number of short-period systems should be high. The discrepancies between the theoretical and observational population studies of CVs will almost disappear if for the zdependence of the space density the sech 2 density function is used.
Introduction
Cataclysmic variables (hereafter CVs) are short period semidetached interacting binary systems containing a white dwarf as a primary which accretes matter from a Roche-lobe-filled red dwarf companion (Knigge, 2006) typically via an accretion disc. A bright spot is formed in the location where the matter stream impacts on the accretion disc. In the CVs with strong magnetic primaries, the magnetic field is strong enough to prevent the formation of an accretion disc. Disc formation could be prevented, but accretion continues through channels as accretion flows. For a detailed description of the CV phenomenon and its subclasses see Warner (1995) and Hellier (2001) .
Many basic properties of CVs, such as the masses of the component stars, cannot be directly determined (Smith & Dhillon, 1998) . The orbital period P orb is one of the exceptions as it is known directly from observations with a fair accuracy. Orbital periods with sufficient accuracy are available now for more than 640 systems (Downes et al., 2001; Ritter & Kolb, 2003) . Since an orbital period distribution is a useful indicator of dynamical evolution of orbits, most studies which are interested in the evolution of CVs are mainly concentrated on the distribution of orbital periods. The most striking features of the distribution of CV periods are the period gap and a sharp cut-off at about 80 min (Spruit & Ritter, 1983; Hameury et al., 1988; Howell, Nelson & Rappaport, 2001; Willems et al., 2005; Pretorius, Knigge & Kolb, 2007) .
Galactic space and velocity distributions could be crucial for various types of objects to indicate a general scenario or a stage on a scenario about their evolution. Any proposed evolutionary scheme must not be in conflict with data from stellar statistics (Duerbeck, 1984) . If the space densities of systems in various intervals of orbital periods were known this would seriously improve our understanding of CV evolution. However, observational selection effects are usually strong. Therefore, even a rough estimate of space density may help to constrain the population models (Patterson, 1984) . Standard models for the population of CVs predict a galactic space density of 10 −5 −10 −4 pc −3 (Ritter & Burkert, 1986; de Kool, 1992; Politano, 1996; Kolb, 2001; Willems et al., 2005 Willems et al., , 2006 . These predictions are inconsistent with the observed space densities of ∼10 −6 −10 −5 pc −3 (Warner, 1974; Patterson, 1984 Patterson, , 1998 Ringwald, 1993; Schwope et al., 2002; Aungwerojwit et al., 2005; Araujo-Betancor et al., 2005; Grindlay et al., 2005) .
From the observational point of view, the first step of deriving the space density of CVs is to collect the most truthfull CV distances in a selected sample. Only after reliable distances are available, the observed surface angular density distribution of CVs on the sky could be converted to a galactic spatial distribution. Previous space density estimates of CVs have been made from the samples which include CVs with distances according to various methods. The problems of those early estimations are mostly due to inadequate number of CVs with reliable distances. Unfortunately, there is no single technique, no "magic bullet", for distance finding to CVs (Patterson, 1998) . However, a single method, which is able to provide reliable distances of all CVs, would be crucial in computing the true space distribution and the space density of these objects. Such a method was recently suggested by Ak et al. (2007) . The suggested method uses period-luminosity-colours (PCLs) relation of CVs calibrated by 2MASS photometric data and trigonometric parallaxes for a sufficient number of CVs.
Nevertheless, the interstellar reddening is one of the important dilemmas in a distance determination. The reddening corrections have been made so far by using short-wavelength observations, column densities, reddening maps, in general. However, the reddening coefficients in optical wavelengths are higher than in infrared wavelengths. The distance estimation technique proposed by Ak et al. (2007) is less affected by interstellar reddening since it is based on infrared colours from 2MASS observations. The aim of this paper is to derive the spatial distribution, galactic model parameters and luminosity function of CVs in the solar neighbourhood using the distances estimated by the new method proposed by Ak et al. (2007) , which could be applicable to all CVs with reliable periods and colours. Consequently, a data sample containing 459 CVs has been collected and analysed. Description of data, reddening problem, distances corrected for reddening, completeness of sample and galactic model parameters are discussed in section 2. After the analysis regarding to space distributions and luminosity functions in Section 3, conclusions are summarized in Section 4. Table 1 contains 2MASS photometric data, colour excesses and orbital periods of CVs which were collected for this study. In addition to the columns of name, type, orbital period, galactic coordinates (l, b), colour excess E(B − V ), apperent brightness (J) and infrared colours (J − H) and (H − K s ), which are the basic observatinal data, the last two colums (absolute magnitude, distance) are added as predictions from the PLCs relation of Ak et al. (2007) .
The Data
A preliminary list of cataclysmic variables with orbital periods is collected from Downes et al.'s 1 (2001) and Ritter and Kolb's 2 (2003) catalogues.
Superhump periods of SU UMa type dwarf novae, for which the orbital periods are not known, are accepted as orbital periods. The bias introduced by using the superhump periods should be negligible since the superhump periods are only a few per cent longer than the orbital periods (Patterson, 2001) .
The J, H and K s magnitudes of the sample stars were taken from the PointSource Catalogue and Atlas (Cutri et al., 2003; Skrutskie et al., 2006) which is based on the 2MASS (Two Micron All Sky Survey) observations. The 2MASS photometric system comprises Johnson's J (1.25 µm) and H (1.65 µm) bands with the addition of K s (2.17 µm) band, which is bluer than Johnson's K-band. The limiting apparent magnitudes are 15.8, 15.1 and 14.3, for the three bands respectively (Skrutskie et al., 2006) . The number of CVs having an orbital period and 2MASS photometric data is 541. However, 82 of them were removed because they are beyond the limits of applicability of the PLCs relation, which will be discussed later. Consequently, the number of CVs selected for this study was reduced to 459 and all are recorded in Table 1 .
Intrinsic colours and colour excesses
Intrinsic (J − H) 0 and (H − K s ) 0 colours and an orbital period are the basic parameters needed for the PLCs relation of Ak et al. (2007) to provide an absolute magnitude of a CV, from which its distance can be computed. However, unlike the observed colours, which are directly available from the photometric observations, derivation of the intrinsic colours requires one more step namely using various colour excess values, if spectroscopic observations are not available to reveal them independently. For estimating the (J − H) 0 and (H − K s ) 0 colours, for this study the colour excess of E(B − V ) has been used.
Although the E(B − V ) values for some CVs are given in Bruch & Engel (1994) , we have preferred to use their first order predictions from the Schlegel, Finkbeiner & Davis (1998) maps by using NASA Extragalactic Database 3 in order to obtain a self-consistent data set. This is because those and other available colour excess values in the literature are unreliable since some of them are only assumed values, rather than a result of an investigation. Schlegel, Finkbeiner & Davis (1998) maps, on the other hand, provide only the E(B − V ) values according to galactic coordinates, which are modeled for any direction from Sun to the edges of our Galaxy as a consequence of extinction by galactic dust. Those rough colour excess values according to galactic latitude (b) and longitude (l) towards the directions of stars are shown by E ∞ (B − V ), which symbolically means up to infinity but actually up to the edge of the Galaxy. Therefore, the E ∞ (B − V ) values have to be reduced according to the actual distance of each 3 http://nedwww.ipac.caltech.edu/forms/calculator.html Table 1 The data sample. Types and orbital periods (P , in days) were taken from Ritter and Kolb (2003) . CV denotes CVs with unknown types, DN dwarf novae, NL nova-like stars, N novae and NR recurrent novae. l and b are galactic longitude and latitude in degrees, J, (J − H) and (H − K s ) 2MASS observations, E(B − V ) colour excess, M J the absolute magnitude in J-band and d distance in pc.
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Type star. At first, a total interstellar absorption within the Galaxy in the photometric V band was computed from an available modeled value of E ∞ (B − V ) for a given galactic latitude (b) as
which could be reduced to give interstellar absorption in the V band up to the distance d of a CV as following (Bahcall & Soneira, 1980 )
where H is the scaleheight for the interstellar dust which is adopted to be 100 pc as usual (see e.g. Mendez & van Altena, 1998) . However, the distance of the CV is needed, but it is unknown at this point. Nevertheless, a first order approximation of the distance d, which is according to the PLCs relation of Ak et al. (2007) relying on the observed (J − H) and (H − K s ) colours in Table 1 instead of true intrinsic colours, could be used in Eq. 2 for a first order estimate of the interstellar extinction in the V band. This extinction, then, is converted to an E d (B − V ) value as following
which gives the first order approximation of the colour excess E(B −V ) for the associated CV. The predicted colour excess E(B − V ) values by this method are given in the column 6 of Table 1 
Those intrinsic colours and the orbital periods (column 3) were then used for computing the absolute magnitudes in column 10 of Table 1 by the PLCs relation of CVs.
Accuracy and limitations of the PLCs relation
The PLCs relation was established as a useful tool for predicting CV distances easily from the orbital periods and 2MASS observations. After discovered by Ak et al. (2007) as an idea, it was calibrated and tested by the most reliable trigonometric parallaxes of 27 CVs with σ π /π < 0.40. Therefore, it is especially preferred for this study over the other CV distance indicators because of its consistency, tested reliability and wide ranges of its aplicability. The open form of the PLCs relation is which uses intrinsic (J − H) 0 and (H − K s ) 0 colours and orbital periods to predict absolute magnitude of a CV. The relation was claimed to provide absolute magnitudes within the accuracy of about ±0.22 mag and valid for the ranges; 0.032
56 and 2.0 < M J < 11.7, covering the present data very well. Only 15 per cent of CVs in the preliminary list is removed because of these limits when forming the list of CVs in Table 1 .
Once absolute magnitudes in the J band are available, the distances were then calculated by the Pogson's relation as d(pc) = 10 (J−M J +5−A J )/5 , where J is observed apparent magnitude and A J is the interstellar absorption in the J band. The distances of CVs in our sample, which are computed by the intrinsic colours, are listed in the last column of Table 1 .
The intrinsic colours used in the PLCs relation have been computed as a first order estimation as described. Refinements have not been attempted since a possible correction term and its effect on the predicted distance would be too small and expected to be lost within about 10 per cent uncertainty which is equavalent to ±0.22 mag in the magnitude scale.
Completeness of the sample
Disagreements between the observational and theoretical studies of CV populations could be often attributed to the incompleteness of surveys, which are mostly due to unavoidable selection effects of observational data (Della Valle & Livio, 1996; Aungwerojwit et al., 2005; Gänsicke, 2005; Pretorius, Knigge & Kolb, 2007) . Indeed, one of the goals of CV surveys is to reduce the selection effects by observing the fainter CVs and thereby provide a more accurate picture of the actual CV population since the theory predicts the most of CVs should be intrinsically faint (Howell, Rappaport & Politano, 1997; Kolb, 2001) . It is obvious that the apparent magnitude introduces a strong bias in a CV sample as the detection of faint stars is difficult. Moreover, variability and amplitude of the variability are important factors which may affect the discovering probability of a CV since rare and low-amplitude erupters are harder to discover (Patterson, 1998; Pretorius, Knigge & Kolb, 2007) . Thus, low-mass transfer rate systems are likely under-represented in the known samples of CVs because the intrinsic brightness and eruption frequency decrease with the mass transfer rate.
Nevertheless, the strongest bias in the present sample may appear to be originating from the chance of finding CVs in the 2MASS observations. Because this bias mostly depends on the apparent magnitudes, it should not be counted as a new kind of bias on the studies which aim to find the space densities in the solar neighbourhood. This is because the systems fainter than the limiting magnitude of the 2MASS database are expected to be very distant objects. The limiting magnitudes of the 2MASS survey are 15.8, 15.1 and 14.3 in J, H and K s bands, respectively (Skrutskie et al., 2006) . Therefore, we had to remove 114 systems from our primary sample, which was including more than 640 systems, as they do not exist in the 2MASS database mostly because they are dimmer than the limiting magnitudes. Additionally, we had to remove 46 systems more from the preliminary sample due to the application limits of the PLCs relation concerned with the de-reddened colour indices (J − H) 0 and (H − K s ) 0 , as well (see Section 2.2).
Another important bias in our sample is introduced by the orbital periods. Although this bias is magnitude dependent too, it could be counted as one of the biases that stands out independently because it is easier to measure shorter periods. The selection effects due to the orbital periods are more pronounced for magnetic systems since these objects are preferred in the follow-up observations to measure the orbital period (Pretorius, Knigge & Kolb, 2007) . It should be noted that the upper and lower application limits of the PLCs relation concerned with the orbital period (see Section 2.2) do not introduce an additional bias in the CV sample of this study, because almost all CVs with known orbital periods are included in the period limits of the PLCs relation.
Only 24 stars were removed because of the period limits of the PLCs relation. The CVs discovered in globular clusters were removed from the sample, as well. After these removing processes, the number of systems in the final sample drops to 459. Table 1 contains all of the CVs in the final sample. The orbital period distribution of CVs in the final sample is shown in Figure 1 . Shaded and white areas in Figure 1 show the samples with the limiting apparent magnitudes of J 0 =15.8 and 16.5, respectively. Among the all systems (459), 8 are CVs with unknown type, 202 dwarf novae, 57 novae, 3 recurrent novae and 189 nova-like stars.
Although the CV sample in this study is not free from the selection effects, it is the largest sample which has ever been appeared in the literature. Our sample includes ∼72 per cent of CVs with known orbital periods. Thus, space densities of CVs in the solar neighbourhood derived from this sample should be inspiring as well as being useful for constraining the existing population models.
Galactic model parameters
Exponential functions have usually been used to derive the galactic model parameters of the galactic disc. However, a recent study has shown that the observed vertical distribution in the Galaxy is smoother in the solar neighbourhood and it is well-approximated by a secans hiperbolicus function . Therefore, in order to derive scaleheights of CV populations in the solar neighbourhood, we have preferred to test following two functions
and
for describing the number density variation of CVs by the distance from the Fig. 3 . The spatial distribution of systems in the sample with respect to the Sun. X, Y and Z are heliocentric galactic coordinates directed towards the Galactic Centre, galactic rotation and the north Galactic Pole, respectively. CV denotes CVs with unknown types, DN dwarf novae, NL nova-like stars, N novae and NR recurrent novae.
galactic disc. When choosing the best function to describe actual CV distribution in the solar neigbourhood, the galactic model parameters (n 0 and a scaleheight) were determined for both of the functions first and then their fits, that is, abilities of describing actual distribution are compared by a minimum χ 2 test. Consequently, n 0 is the number density of CVs in the galactic plane, z is the distance from the galactic plane and is given by z = z 0 + d sin(b), where b is the galactic latitude of the CV and z 0 is the distance of Sun from the galactic plane (24 pc, Jurić et al., 2005) . H and H z are the exponential and sech 2 vertical scaleheights, respectively. The relation between the exponential scaleheight H and the sech 2 scaleheight H z is H = 1.08504H z . Because recent surveys show that the radial scalelength of the thin disc stars is longer than 2.25 kpc (Jurić et al., 2005) , we have not attempted to estimate the radial scalelength of CVs since 95 per cent of systems in our sample are closer than ∼1 kpc in the X-Y -plane (see Figure 3) . All error estimates in the analysis were obtained by changing galactic model parameters until an Table 2 The numbers, median distances and median heliocentric galactic distances of CVs in the sample. Distances (d) and positions (X, Y, Z) are in pc. CV denotes CVs with unknown types, ALL all systems in the sample, DN dwarf novae, NL nova-like stars, N novae and NR recurrent novae. increase or decrease by 2σ in χ 2 was achieved (Press et al., 1997) .
Analysis

Spatial distribution
The galactic coordinates (l, b) of CVs in the sample are plotted in Figure  2 . The figure indicates that CVs in general all distributed about the galactic plane symmetrically, except for novae which appear concentrated only in the galactic plane.
In order to inspect the spatial distribution of the present CV sample of all systems, the Sun centered rectangular galactic coordinates (X towards Galactic Center, Y galactic rotation, Z north Galactic Pole) were calculated. The projected positions on the galactic plane (X, Y plane) and on the plane perpendicular to it (X, Z plane) are displayed in Figure 3 . Having 231 systems with X ≤ 0 and 228 system with X > 0, 207 systems with Y ≤ 0 and 252 system with Y > 0, 219 systems with Z ≤ 0 and 240 system with Z > 0, we could conclude that there is not a considerable bias introduced by the projected positions of these systems. The numbers, median distances and median heliocentric galactic distances of CVs are listed in Table 2 . 
Galactic model parameters and space density of CVs
The completeness limits of the sample according to the apparent magnitudes should be estimated before deriving the space density of CVs. Therefore, Figure 4 was drawn to see the CVs distances versus the absolute magnitudes M J and then for estimating the completeness limits for bright and faint limiting apparent magnitudes in the J band.
The bright apparent magnitude limit of our sample is consistent with J 0 =11.0. In order to take into account the sample's incompleteness towards fainter apparent magnitudes, we assumed two different magnitudes, i.e. J 0 =15.8 and 16.5. The limiting magnitude of 15.8 corresponds to the completeness limit of J band apparent magnitudes for 2MASS observations (Skrutskie et al., 2006) , while the limiting magnitude of 16.5 represents almost the whole sample. With the limiting apparent magnitude of J 0 =15.8, the number of systems drops to 354. That is, the size of the sample reduces to 77 per cent of the original size. Consequently, the space densities and galactic model parameters of CVs should be examined for both of the limiting apparent magnitudes in order to see how complete the present sample is.
The first step of doing this is to prepare z-histograms, where z is the distance of CVs from the galactic plane computed by equation z = z 0 + d sin |b| and binned for per 100 pc intervals. The histograms and the best fits of the exponential and sech 2 functions are shown in Figures 5 and 6 . The galactic model parameters obtained from the minimum χ 2 analysis are given in Table 3 for two different faint apparent magnitude limits, i.e. 15.8 and 16.5. The numbers and scaleheights of polars (magnetic systems-AM Her stars) are estimated separately since the evolution of these systems could be different from the evolution of non-magnetic CVs (Wu & Wickramasinghe, 1993; Webbink & Wickramasinghe, 2002) .
The number density as a function of z and the scaleheight estimated from the histogram according to the magnitude limit 15.8 are smaller than those from the histogram using the limiting magnitude of 16.5. This must be due to the fact that faint systems are more distant than brighter ones. Figures 5 and  6 show that the exponential function well represents the z-histograms of all CVs for both limiting magnitudes. The vertical scaleheights derived from the exponential function for the limiting apparent magnitudes of 15.8 and 16.5 are 158 and 179 pc, respectively.
However, according to Table 3 , the z-histograms for the nova-like stars and polars are better fitted by sech 2 functions, while exponential functions give better fits for the other two subgroups. Consequently, the better fitting functions require that the scaleheights of dwarf novae, nova-like stars, polars and non-magnetic systems are 128, 160, 119 and 154 pc, respectively, for the limiting magnitude of 15.8. In the same order, the scaleheights change to 150, 177, 142 and 171 for the limiting magnitude of 16.5 (see Table 3 ). Table 4 The local space densities of CVs. The results are given for the limiting magnitudes of J 0 =15.8 and 16.5.
Dwarf novae 6.3(±0.6) × 10 −6 7.9(±0.9) × 10 −6
Nova-like stars 2.5(±0.3) × 10 −5 2.8(±0.4) × 10 −5 Novae 4.3(±1.2) × 10 −6 5.5(±1.4) × 10 −6
All systems 2.9(±0.1) × 10 −5 3.2(±0.1) × 10 −5
Finally, the local space densities are derived by dividing the cumulative number of stars in consecutive distances (d) from the Sun to the corresponding spherical volumes. The logarithmic density functions of dwarf novae, nova-like stars, novae and all stars in the sample are shown in Figure 7 . The local space densities are summarized in Table 4 , which shows that our choice of limiting magnitude does not strongly affect the space densities. Moreover, it seems that the space density of novae is smaller than those of dwarf novae and nova-like stars for a factor of ∼1.5 and ∼5.8, respectively.
Luminosity function of CVs
The luminosity function is defined as the space density of stars in a certain absolute magnitude interval. The logarithmic luminosity functions of CVs ac- Table 5 The logarithmic luminosity functions of CVs in our sample with the limiting apparent magnitude of J 0 =15.8. N is the number of stars in the M J1 -M J2 absolute magnitude interval and φ the logarithmic luminosity function. Distance is in pc, volume pc 3 .
Nova-like stars Dwarf novae Novae All systems cording to the limiting apparent magnitude of J 0 =15.8 are listed in Table 5 and plotted in Figure 8 .
In Table 5 , d 1 and d 2 correspond to the distances calculated for the lower and upper limiting apparent magnitudes of J 0 =11.0 and 15.8, respectively, for an absolute magnitude interval. ∆V is the shell volume between the d 1 and d 2 distances and φ = log N/∆V is the luminosity function. The luminosity functions are estimated for three types of CVs; dwarf novae, nova-like stars, novae and for the combination of all. Figure 8 indicates that the luminosity function of dwarf novae and nova-like stars are similar, while novae have a rather smaller luminosity function. Note that all of the luminosity functions increase towards fainter magnitudes.
In order to compare the luminosity functions of DA white dwarfs found from the Anglo Australian Telescope Survey (AAT, Boyle, 1989) and Palomar Green Survey (PG, Fleming et al., 1986) with the luminosity function of CVs in this study, we first transformed the M J absolute magnitudes of CVs to Johnson M V absolute magnitudes by using Padova Isochrones (Girardi et al., 2002; Bonatto et al., 2004) . In the selection of the isochrones, we have considered the spatial distribution of CVs as located in the old thin disc of the Galaxy, in general. Thus, we have obtained an analytical relation between M J and M V by assuming a mass fraction of metals of Z = 0.008, a logarithmic surface gravity of log g > 4 and a mean age of t = 5.01 Gyr. The χ 2 min analysis show that the best fits between the luminosity functions of CVs and white dwarfs are obtained by dividing the luminosity functions of white dwarfs to 200 and 400 for the PG and AAT surveys, respectively. Comparison of luminosity functions are demonstrated in Figure 9 . We conclude that the present luminosity function of CVs in this study for M V > 10 m is reasonably compatible with the luminosity function of DA white dwarfs obtained from AAT (Boyle, 1989) and PG surveys (Fleming et al., 1986) with the luminosity function of CVs in this study.
survey.
Conclusions
The spatial distribution, galactic model parameters and luminosity function of CVs for the solar neighbourhood have been derived. In computing the CV distances, a new method suggested by Ak et al. (2007) , which uses orbital periods and intrinsic 2MASS infrared colours, was adopted. This new method advantageously allowed us to collect a fairly homogeneous sample of CVs regarding to the distances.
Spatial distribution of CVs
According to Figure 3 and Table 2 , most CVs appear to be closer than 1 kpc to the Sun, while they are located within the galactic disc with z distances not higher than 0.5 kpc from the galactic plane, in general. Novae are strongly concentrated towards the galactic plane. Consequently, it might be concluded that because novae share the same galactic regions with the young-thin disc population, they could as well be members of the young population. Such a result would be in agreement with that of Duerbeck (1984) who suggested that most novae come from fairly young stellar progenitors (see also, Hatano et al., 1997; Della Valle & Livio, 1998) . As for the spatial distribution of other CV types, the homogeneous spatial distribution of dwarf novae and nova-like stars implies that these systems are formed both in young and old populations in the galactic disc (see Figure 3 ). According to van Paradijs et al. (1996) , the velocity distribution of CVs indicates that they are an old disc population, with a mix of ages up to 10 Gyr. Clarification of this point, however, requires further work on the space velocity dispersions of CVs and their subgroups. Our forthcoming work will be dedicated to studying the space velocity fields and kinematical ages of CVs.
Galactic model parameters of CVs
The z-histograms for the nova-like stars and polars are well represented by the sech 2 functions, while the z-histograms of dwarf novae are well fitted by an exponential function. In observational and theoretical population studies of CVs, usually an exponential distribution function has been assumed. However, it should be noted that the observed vertical distribution concerning the stars of all kinds in the Galaxy is flat, and better-approximated by a sech 2 function . It has been found in this study that the exponential vertical scaleheights of CVs are 158 and 179 pc for the limiting apparent magnitudes of 15.8 and 16.5, respectively. These values are compatible with the exponential scaleheights in the range of 100-250 pc and 160-230 pc suggested by Patterson (1984) and van Paradijs et al. (1996) , respectively. On the other hand, the present data and analysis indicate the vertical scaleheights of nova-like stars and polars are within the ranges 160-177 pc and 119-142 pc, respectively. These values are very much comparable with the scaleheight of ∼155 pc determined by Thomas & Beuermann (1998) for the polars. Finally, we have found that the exponential vertical scaleheight of dwarf novae is 128 and 150 pc for the two limiting apparent magnitudes. The first of these values is in agreement with the scaleheight of 119±9 pc given by Duerbeck (1984) . Schwope et al. (2002) claimed that 10 to 100 undetected CVs should be hiding in the local vicinity (50 pc) of the Sun. According to our analysis, if the z distribution of CVs is modeled by an exponential function, there should be about 50 undetected systems in the solar neighbourhood. However, if the z distribution of CVs is modeled by a sech 2 function, as indicated in Figures  5 and 6 , we would only miss at most 10 CVs in the solar neighbourhood. Consequently, we could claim that the discrepancies between the theoretical and observational population studies of CVs would almost be removed if the sech 2 density function is accepted in the theoretical population studies.
Space density of CVs
The local space densities calculated according to the limiting apparent magnitude of 15.8 define a lower limit. However, the local densities do not change considerably when we use the limiting apparent magnitude of 16.5, which means that our estimates cannot deviate very much from the true space densities.
According to present sample and its analysis the local space density of CVs is 2.9(±0.1) × 10 −5 pc −3 . However, former observational population studies of CVs gave predictions of space densities from 10 −6 up to 3 × 10 −5 pc −3 (Duerbeck, 1984; Patterson, 1998; Hertz et al., 1990; Schwope et al., 2002; Grindlay et al., 2005) . On the other hand, the theoretical population studies of CVs predicted local space densities between 10 −5 and 10 −4 pc −3 (Ritter & Burkert, 1986; de Kool, 1992; Politano, 1996) . Furthermore, Shara et al. (1986) argued that surveys for CVs are very incomplete, and that the space density of CVs could well be 10 −4 pc −3 . However, Kolb (2001) claimed that the space density should be smaller than 10 −4 pc −3 if the initial mass ratio distribution is more sharply peaked to unity. Thus, the intrinsic space density of CVs could well be close to the observational value derived here ∼3×10 −5 pc −3 . The local space density of CVs predicted from the present sample confirms Kolb's (2001) theoretical work.
The local space density of dwarf novae was found to be 6.3(±0.6) × 10 −6 pc −3 (Table 4 ). This value is in agreement with the space density of 6 × 10 −6 pc −3 found by Ringwald (1993) , who obtained a higher space density than the observational results of Duerbeck (1984) and Downes (1986) . For the nova-like stars in the present CV sample, we have derived a space density of 2.6(±0.3)× 10 −5 pc −3 . This value is about ∼60 times higher than the space density of nova-like stars estimated by Downes (1986) . On the other hand, space density of novae in the present CV sample is 4.3(±1.2) × 10 −6 pc −3 . This could be interpreted as that the space density derived in this study is in agreement with 2.2 − 4.4 × 10 −6 pc −3 found by Patterson (1984) , which is considerably higher than the space densities of 1.4 × 10 −7 and 7 × 10 −7 pc −3 estimated by Downes (1986) and Della Valle & Duerbeck (1993) , respectively. One of the most important challenges of predicting the space densities is the prediction of the true distances. Relying on a homogenized distance prediction, we could claim the space densities found in this study are more reliable than in the previous studies.
Luminosity function of CVs
The luminosity function of CVs increases towards fainter absolute magnitudes. Similar trends are clear for all types of CVs studied in the present sample. The luminosity function of CVs showing such a trend was first examined by Ringwald (1993) . This trend clearly implies an increase in the number of shortperiod systems. This is a result which is roughly consistent with the theoretical prediction of Kolb (1993) , who suggested that ∼99 per cent of all CVs should be intrinsically below the period gap. The theory predicts that most of CVs should be intrinsically faint (Howell, Rappaport & Politano, 1997) .
We have compared the luminosity function of CVs in the present study with the luminosity functions of DA white dwarfs found from the AAT Survey by Boyle (1989) and PG Survey by Fleming et al. (1986) (see also, Hu et al., 2007) . Our analysis show that the best fit between the luminosity functions of CVs and DA white dwarfs can be obtained by dividing the luminosity function of DA white dwarfs by 400 for the AAT surveys. We conclude thereby that one CV is formed for every 400 DA white dwarfs in the solar neighbourhood. However, it should be noted that it is not clearly known if CV white dwarfs share the narrow mass distribution of isolated DA degenerates (Sion, 1999) .
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